METHODS AND RESULTS
Genomic DNA was extracted from leaf tissues using the protocol described by Sereno et al. (2006) . The genomic library enriched for microsatellites was developed based on Billotte et al. (1999) with a few modifi cations. Genomic DNA (5 μ g) from the accession JC48 (Montes Claros, Goi á s State, Brazil) was digested with 60 U Rsa I (Fermentas, Burlington, Canada) plus 400 mM spermidine in a total volume of 100 μ L, left overnight at 37 ° C. Specifi c adapters Rsa 21 and Rsa 25 were ligated to the digested DNA (1 μ g) using 5 U T4 DNA ligase (Promega, Madison, Wisconsin, USA) in buffer, with 0.2 μ M of each adapter in a fi nal volume of 200 μ L incubated at 20 ° C for 2 h. For enrichment, biotinylated oligonucleotide [(CT) 8 and (GT) 8 ] probes were used to capture amplifi ed genomic fragments with complementary microsatellite sequences as described by Kijas et al. (1994) . Amplifi ed fragments were cloned in pGEM-T Easy Vector (Promega) using 5 μ L of amplifi cation product, 50 ng vector, and 3 U T4 DNA ligase in buffer at 4 ° C overnight. Ligation product was used to transform electrocompetent Escherichia coli (DH10B) and plated onto selective media (Luria -Bertani with 100 mg L − 1 ampicillin). Positive white colonies were picked (416 clones) and transferred to 96-well plates with selective LuriaBertani media plus 8% glycerol grown for 24 h at 37 ° C, and stored at − 80 ° C afterward. Plasmids from two clone plates were purifi ed using alkaline lyses followed by fi ltration with a Millipore (MAGV N22; EMD Millipore, Billerica , Massachusetts, USA) fi lter. One hundred ninety-two plasmids were sequenced using DYEnamic ET Terminator Cycle Sequencing kit (GE Healthcare, Chalfont St. Giles, Buckinghamshire, United Kingdom), and analyzed in an ABI • Premise of the study: Microsatellite primers were developed for Jatropha curcas (Euphorbiaceae), a tree species with large potential for biofuel production, to investigate its natural genetic diversity and mating system to facilitate the establishment of tree improvement and conservation programs.
• Methods and Results: Using a protocol for genomic library enrichment, 104 clones containing 195 repeat motifs were identifi ed. Primer pairs were developed for 40 microsatellite loci and validated in 41 accessions of J. curcas from six provenances. Nine loci were polymorphic revealing from two to eight alleles per locus, and six primers were able to amplify alleles in the congeners J. podagrica , J. pohliana , and J. gossypifolia , but not in other Euphorbiaceae species, such as Hevea brasiliensis , Manihot esculenta , or Ricinus communis .
• Conclusions: The primers developed here revealed polymorphic loci that are suitable for genetic diversity and structure, mating system, and gene fl ow studies in J . curcas , and some congeners.
Key words: biofuel; Euphorbiaceae; genetic diversity; Jatropha curcas ; phorbol; physic nut . e238 AMERICAN JOURNAL OF BOTANY [Vol. 0 products were separated in denaturing sequencing gels (7% polyacrylamide; 7 M urea) run in 1 × TBE (89 mM Tris base; 89 mM boric acid; 2 mM EDTA) at 50 W for 2.5 h, and visualized by silver staining ( Creste et al., 2001 ). Statistical analysis was performed using Genetic Data Analysis (GDA) software ( Lewis and Zaykin, 2002 ) . From the 40 primer pairs developed, nine ( Table 1 ) were polymorphic in the 41 J . curcas accessions tested. The remaining 28 loci were monomorphic, while the other three did not show specifi c amplifi cation. The nine loci revealed a total of 45 alleles from the 41 accessions tested, ranging from two ( mJCENA106 ) to eight ( mJCENA41 ) alleles per locus ( Table 2 ) , which exceeded the two alleles reported for the same species by Basha et al. (2009) and 3.5 alleles reported by Sudheer et al. (2010) . The mean observed heterozygosity ( H o ) for six populations over nine loci was 0.53, and the expected heterozygosity ( H e ) was 0.66 ( Table 2 ) . No linkage disequilibrium was detected between pairwise loci, after Bonferroni correction for multiple tests (95%; α = 0.05).
To evaluate primer transferability from the nine polymorphic loci, DNA was used from three accessions of J. podagrica Hook., four of J. pohliana M ü ll. Arg., two of J. gossypifolia L., four of Hevea brasiliensis (Willd. ex A. Juss.) M ü ll. Arg., fi ve ethnovarieties of Manihot esculenta Crantz, and fi ve of Ricinus communis L.
The transferability rate ranged from fi ve to six primer pairs ( Table 3 ) from the nine tested for Jatropha species ( J. podagrica , J. pohliana , and J. gossypifolia ), while all nine failed to amplify alleles from the other more distant Euphorbiaceae species, such as H. brasiliensis , M. esculenta , and R. communis .
CONCLUSIONS
The primers developed revealed polymorphic loci suitable for genetic diversity and structure, mating system, and gene fl ow studies in J . curcas , as well as in some congeners. Resulting sequence fi les were analyzed for quality using Phred/Phrap/Consed (http://www.phrap.org/index.html), and microsatellite motifs were identifi ed using WebSat ( Martins et al., 2009 ) with specifi c primers designed using Primer3 ( Rozen and Skaletsky, 2000 ) set with standard parameters (primer length from 18 to 30 bp; 40 -60% GC content; melting temperature [ T m ] 50 -60 ° C; maximum T m difference between primers < 4 ° C) to amplify fragments between 150 and 400 bp. From the 192 clones sequenced, 173 (90.1%) exhibited some microsatellite motifs, but only 104 presented high sequence quality (Phred > 20) and 195 microsatellite motifs were identifi ed. From these 104 clones, 28 were identical and were removed. Motifs were mostly dinucleotide (53.7%) and pentanucleotide (31.6%).
Genomic DNA was isolated from young leaves of 41 genotypes of J. curcas from six populations from Brazil, Mexico, and Colombia (two each); with 11 genotypes from Brazil (Holambra, S ã o Paulo state, and S ã o Miguel do Araguaia, Goi á s state), 15 from Mexico (Sada and Pignea, Veracruz state), and 15 from Colombia (CPPE9 and CPCC15, Medellin, Antioquia).
A total of 40 pairs of primers were developed and tested. Validation of primer pairs was conducted in reactions containing 25 ng DNA, 50 mM KCl, 10 mM Tris-HCl (pH 8.8), 0.8% Nonidet P40, 1.5 mM MgCl 2 , 100 μ M of each dNTP, 0.12 μ M of each primer, and 1 U Taq polymerase (Fermentas) in a fi nal volume of 20 μ L. Amplifi cations were conducted in a MyCycler thermocycler (Bio-Rad, Hercules, California, USA) using a touchdown program, starting at 94 ° C for 3 min, followed by 10 cycles of 40 s at 94 ° C; 40 s at temperatures decreasing from 60 ° C to 50 ° C by 1 ° C every cycle; and 60 s at 72 ° C, followed by 35 cycles of 40 s at 94 ° C, 40 s at 50 ° C, and 60 s at 72 ° C. Amplifi cation Note : A = number of alleles; H e = expected heterozygosity; H o = observed heterozygosity; n = number of accessions analyzed. Note : + = amplifi cation success; -= absence of amplifi cation; n = number of accessions tested .
